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Summary

Over the last few decades, people have debated the benefits and hazards of
fluoride exposure. The Centers for Disease Control and Prevention has recognized
water fluoridation as one of the greatest public-health achievements, and others
have claimed that fluoride exposure causes various adverse health effects. In
2006, the National Academies of Sciences, Engineering, and Medicine (the
National Academies) reviewed the scientific literature on the health effects of
fluoride exposure and concluded that chronic fluoride exposure can cause enamel
fluorosis and weakening of bone that could increase the risk of fracture. Studies
of the potential neurotoxicity of fluoride exposure lacked sufficient detail and did
not allow definitive conclusions. However, the National Academies report con-
cluded that the consistency of the results on neurotoxicity warranted further in-
vestigation. Since the 2006 report, several epidemiologic studies of fluoride ex-
posure and neurodevelopmental and cognitive effects have been published. That
research and a nomination from the Fluoride Action Network (FAN) prompted
the National Toxicology Program (NTP) to conduct a systematic review of the
evidence of adverse neurodevelopmental and cognitive effects of fluoride expo-
sure. NTP’s conclusions are summarized in the monograph Systematic Review of
Fluoride Exposure and Neurodevelopmental and Cognitive Health Effects.’

To ensure the integrity of its report, NTP asked the National Academies to
review the monograph. As a result of that request, the National Academies con-
vened the present committee. It is important to note that the committee was tasked
with reviewing the monograph and focused its efforts on evaluating whether evi-
dence as presented in the monograph supported NTP’s conclusions. Thus, it did
not conduct its own independent evaluation of the evidence, and it did not conduct
a data audit (an independent review of all the data reported in the monograph to
identify omissions or errors in reporting). However, it did review some key liter-
ature to enable its review of the monograph. The committee’s findings and sug-
gestions for improvements are contained in this report; some overarching findings
concerning methods, assessment of animal and human evidence, and NTP’s haz-
ard conclusion are provided here.

METHODS AND COMMUNICATION

The protocol for the systematic review described in the monograph was
published on NTP’s Web site in June 2017 and made available for public com-

IReferred to hereafter as the monograph.
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2 Review of the Draft NTP Monograph: Systematic Review of Fluoride

ment. It was reviewed several times by technical advisers selected for their exper-
tise on this topic. In general, it describes the overall systematic-review process
and clearly outlines modifications that were made during the review. Thus, NTP
appears to be adhering to best practices for systematic reviews with respect to the
availability and documentation of such a protocol before initiation of a review.

The committee, however, identified several issues associated with the pro-
tocol. First, the role of the Office of Health Assessment and Translation (OHAT)
handbook in developing the protocol is unclear. The protocol scarcely refers to
the OHAT handbook and does not discuss the role of the handbook in its devel-
opment. That ambiguity leads to concerns about the lack of detail in the protocol
and about apparent conflicts between methodologic approaches in the protocol
and the handbook itself.

Second, important details are missing from the protocol, including infor-
mation on the strategy used to update the experimental animal literature, expertise
and experience of review team members, and the planned conduct of statistical
analyses. It does not provide explicit exclusion and inclusion criteria for study
selection, which are critical for transparency of the process and reproducibility of
the findings. It also does not provide justification for some of its decisions, for
example, regarding screening parameters or what information to make publicly
available, such as the list of excluded studies.

Third, there are some inconsistencies in the details provided in the protocol
and the methods ultimately implemented in the monograph, including how mech-
anistic data would be considered, how the outcome assessment would be con-
ducted, and which confounders were identified as critical covariates. Those dis-
crepancies are troubling because inconsistencies between the protocol and the
monograph raise questions about how the process was actually conducted, about
what changes were made, and about when and why modifications were imple-
mented.

The committee found some issues associated with data presentation and
communication of various aspects of the process that are discussed further in the
context of the evaluation of the animal and human evidence. One particular aspect
of communication needs to be emphasized here. Many people are interested in
whether water fluoridation to prevent tooth decay poses a threat to human neuro-
development and cognition. Although the monograph provides some discussion
of dose—response relationships, NTP did not conduct a formal dose—response as-
sessment and needs to state clearly that the monograph is not designed to be in-
formative regarding decisions about fluoride concentrations for water fluorida-
tion.

ANIMAL EVIDENCE

The monograph presents a systematic review of animal studies of fluoride
exposure related to learning and memory that were published from 2015 to August
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Summary 3

20, 2019, as an update to the NTP systematic review published in 2016. Exami-
nation of the animal studies published since 2015 led NTP to conclude that the
animal data are inadequate to support conclusions on human cognitive effects.

The committee has serious concerns about the risk-of-bias evaluations of
the animal literature and whether they identified important threats to internal va-
lidity that are specific to neurobehavioral outcomes in animal tests. The guidance
in the protocol touched on some of the threats, but insufficient details appear to
have been provided to ensure a rigorous, consistent evaluation of neurobehavioral
studies. Specifically, the committee had concerns about the risk-of-bias evalua-
tions for attrition, outcome assessment, and statistical analyses. It also found one
element—maternal, fetal, and pup toxicity—that did not appear to have been ad-
equately captured in the risk-of-bias criteria. Although severe postnatal toxicity
was mentioned in risk-of-bias evaluations of some studies, it is unclear whether
maternal, fetal, and pup toxicity was routinely assessed for all studies. Such ef-
fects can seriously confound interpretation of neurodevelopmental effects. Over-
all, the committee found that some studies cited in the monograph had severe
methodologic shortcomings that could warrant exclusion from the body of evi-
dence.

NTP justifies its conclusion that the animal evidence is inadequate on the
grounds that it is not possible to separate cognitive effects from effects on loco-
motor activity. Although locomotor activity can affect learning and memory out-
comes, it has been demonstrated many times that the presumed influence of loco-
motor activity on learning and memory does not occur. Thus, the committee does
not agree with NTP’s rationale for dismissing the animal evidence and finds that
it is a mistake to dismiss studies of learning and memory because of minor, brief
locomotor-activity changes or when other assessments can rule out confounding
locomotor effects in cognitive assessments.

Given the serious concerns raised by the committee in the present report,
NTP will need to decide whether it should reanalyze the animal evidence. The
committee cautions, however, that given the poor quality of the animal studies
that it reviewed, revising the systematic review to address the concerns high-
lighted might not affect the ultimate finding that the animal evidence is inadequate
to inform conclusions about fluoride exposure and neurodevelopmental and cog-
nitive effects in humans.

HUMAN EVIDENCE

NTP based its conclusion in the monograph primarily on human evidence.
NTP considered the human evidence to be “relatively robust” and evaluated the
association of fluoride exposure and neurodevelopmental and cognitive effects as
reported in 82 publications. Although it evaluated all publications, its confidence
in its conclusion is primarily based on the studies that were rated as having a lower
risk of bias; NTP concluded that studies rated with a higher risk of bias did not
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4 Review of the Draft NTP Monograph: Systematic Review of Fluoride

affect its confidence in its hazard conclusion. The committee had substantive con-
cerns regarding NTP’s evaluation of the human evidence as noted below.

The strategy used for the literature search indicated that NTP used FAN as
a source to identify relevant literature. The process by which FAN identified and
selected studies is unclear, and that uncertainty raises the question of whether the
process could have led to a biased selection of studies. Such a concern raises the
need for a formal evaluation of any potential bias that might have been introduced
into the literature-search process. Another issue with the literature is that it ap-
pears that multiple publications are based on a single study and thus should not
be considered independent studies. That lack of independence needs to be ad-
dressed in evaluating the findings and conclusions.

Several issues in the evaluation of risk of bias of individual studies were
identified. First, there appeared to be inconsistent application of the risk-of-bias
criteria across studies, perhaps stemming from differences in the approaches pre-
sented in the protocol and monograph. Second, the committee identified many
cases in which NTP’s evaluation of confounding was insufficient, difficult to un-
derstand, or applied inconsistently across studies. NTP should develop clear cri-
teria that are defined in the protocol to identify critical confounders and, if these
are not consistently applied to individual studies, explain why some potential con-
founders are considered to be of greater importance in some studies and not oth-
ers. NTP should also address critical aspects of confounding, such as magnitude
and directionality. Third, NTP noted the possibility of exposure misclassification
in several cases but did not discuss its likely magnitude and direction and did not
discuss it in the context of whether a given study reported an association. The
failure to address exposure misclassification thoroughly and consistently raises
the question of whether NTP’s evaluations were sufficient and supported its con-
clusion. Fourth, it is imperative to protect examiners from information about ex-
posure that could bias their administration and interpretation of outcome assess-
ments, especially when they are assessing cognition or other neurobehavioral
outcomes in human studies. Several studies reviewed by NTP did include infor-
mation on techniques of blinding of examiners, but many did not. Because failure
to blind examiners might result in a high risk of bias of study results and conclu-
sions, NTP should consider this aspect more carefully when assessing the risk of
bias of human studies. Fifth, NTP in some cases classified studies as having a low
risk of bias when the measure of the neurodevelopmental and cognitive outcome
was seriously flawed. Given the importance of that outcome in determining
whether fluoride is hazardous, its proper measurement should be considered more
carefully. Finally, the committee is concerned that the studies included in the sys-
tematic review did not undergo rigorous statistical review. That flaw is problem-
atic because some of the studies identified as having low risk of bias did not ade-
quately account for the hierarchical structure of their data or had errors in their
summary statistics—faults that compromised their internal validity.

The committee also identified several issues with the analysis, summary,
and presentation of the data. A key conclusion of the monograph is that the results
of the epidemiologic studies consistently show a positive association. Although
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the desire to provide a simple summary of a complex array of evidence is under-
standable, doing so requires comparing studies that have similar parameters, and
this was not done in the monograph. In fact, the studies that are reviewed in the
monograph used various measures of fluoride exposure and analytic techniques
and evaluated neurodevelopmental and cognitive outcomes at different develop-
mental times. The committee recognizes that drawing conclusions always requires
aggregating or summarizing data that have some degree of heterogeneity among
other considerations, but the monograph should juxtapose results across broadly
comparable studies and use that information to provide a text summary of the
patterns observed. If comparing “like to like” results yields consistent results
across all measures, ages, exposure sources, statistical approaches, and exposure
ranges, taking random error into account, that will indeed warrant a statement that
results consistently show adverse effects. However, the monograph does not pro-
vide the evidence in a manner that leads to that conclusion. The committee notes
that NTP did not conduct a meta-analysis. Given that meta-analysis is a useful
tool for aggregating and summarizing data and analyzing comparable studies,
the committee strongly recommends that NTP reconsider its decision not to per-
form one.

Lastly, the discussion section of the monograph provides an informal as-
sessment of the evidence with regard to exposure and concludes that adverse
health effects are observed largely in association with exposures above those as-
sociated with water fluoridation. The basis of that conclusion is not apparent and
seems to contradict the earlier assertion that nearly all the studies are positive,
including ones that evaluated groups exposed to lower concentrations. More im-
portant, as noted above, this discussion gives a false impression that NTP con-
ducted a formal dose-response assessment. NTP should be clear that the mono-
graph cannot be used to assess what concentrations of fluoride are safe.

NTP CONCLUSION

The monograph “concludes that fluoride is presumed to be a cognitive neu-
rodevelopmental hazard to humans. This conclusion is based on a consistent pat-
tern of findings in human studies across several different populations showing
that higher fluoride exposure is associated with decreased IQ or other cognitive
impairments in children.” The committee was tasked with assessing whether NTP
satisfactorily supports its conclusion. Given the issues raised by the committee
regarding the analysis of various aspects of some studies and the analysis, sum-
mary, and presentation of the data in the monograph, the committee does not find
that NTP has adequately supported its conclusion. That finding does not mean
that the conclusion is incorrect; rather, further analysis or reanalysis as noted in
the present report is needed to support conclusions in the monograph.
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Introduction

Water fluoridation has long been hailed as an effective method of reducing
dental caries (tooth decay). Over the years, however, people have raised concerns
about adverse health effects of fluoride exposure. Of particular concern are results
of epidemiologic studies—typically conducted in regions that have high naturally
occurring fluoride—that have reported neurodevelopmental and cognitive effects
in humans. That concern and a nomination from the Fluoride Action Network
(FAN) prompted the National Toxicology Program (NTP) Office of Health
Assessment and Translation to undertake a systematic review to evaluate the evi-
dence of adverse neurodevelopmental and cognitive effects of fluoride exposure
in humans. To ensure the integrity of its evaluation, NTP asked the National Acad-
emies of Sciences, Engineering, and Medicine (the National Academies) to re-
view its monograph Systematic Review of Fluoride Exposure and Neurodevelop-
mental and Cognitive Health Effects (NTP 2019).! As a result of that request, the
National Academies convened the present committee, which prepared this report.

FLUORIDE TOXICITY

Water fluoridation in the United States began in 1945 as a public-health
practice to prevent dental caries. In 1962, the US Public Health Service recom-
mended optimal fluoride concentrations of 0.7-1.2 mg/L; it revised its recommen-
dation to 0.7 mg/L in 2015 (Gooch 2015). State and local governments, however,
ultimately decide whether to fluoridate water systems. From the outset, the prac-
tice of fluoridating water systems has been controversial (NRC 2006), primarily
because of the adverse health effects that have been associated with fluoride ex-
posure over the years.

In 2006, the National Academies released the report Fluoride in Drinking
Water: A Scientific Review of EPA’s Standards (NRC 2006), which reviewed the
scientific literature on fluoride exposure and human health effects (see Box 1-1).
That report found that chronic exposure to fluoride is associated with enamel fluo-
rosis and with bone weakening that could increase the risk of fractures. However,
the evidence on several outcomes was not sufficient for the committee to reach
conclusions; neurotoxicity was one such outcome. A few epidemiologic studies

'Hereafter referred to as the monograph.
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Introduction 7

BOX 1-1 Fluoride in Drinking Water: A Scientific Review of EPA’s Standards

NRC (2006) reviewed the US Environmental Protection Agency (EPA) drinking-
water standards for fluoride as a natural contaminant of the public water supply,
not as an artificial additive to water supplies for dental-health protection. EPA
drinking-water standards are the maximum-contaminant-level goal (MCLG)
and the maximum contaminant level (MCL). The MCLG is a health goal that is
set at a concentration at which no known or expected adverse health effects
are expected to occur within adequate margins of safety. The enforceable
drinking-water standard is the MCL, which is set as close to the MCLG as pos-
sible after consideration of such factors as available treatment technology and
costs. The MCLG and the MCL for fluoride are both 4 mg/L. The committee
that wrote the report was unanimous in its conclusion that the MCLG of 4 mg/L
should be lowered because it puts children at risk for severe enamel fluorosis.
The majority of the committee also concluded that exposure to fluoride at the
MCLG is likely to pose a risk of bone fractures.

indicated IQ deficits in children exposed to fluoride at 2.5-4 mg/L in drinking
water. However, the committee that prepared the 2006 report concluded that “the
studies lacked sufficient detail...to fully assess their quality and relevance to the
U.S. populations, [but] the consistency of the results appears significant enough
to warrant additional research on the effects of fluoride on intelligence” (NRC
2006, p. 8).

THE NTP FLUORIDE MONOGRAPH

Since the National Academies report (NRC 2006) was released, additional
scientific research has been conducted on the association between fluoride expo-
sure and neurodevelopmental and cognitive health effects. In 2016, NTP pub-
lished the results of a systematic review that examined the effects of fluoride ex-
posure on learning and memory in animals (NTP 2016). NTP found “low to
moderate level-of-evidence that suggests adverse effects on learning and memory
in animal[s] exposed to fluoride” at concentrations higher than 0.7 ppm (NTP
2016, p. vii). NTP noted that few studies that examined effects near concentrations
of 0.7 ppm were available, that confidence in the results of available studies was
reduced because of confounding and risk-of-bias issues, and that further research
was needed.

Over the last decade, epidemiologic studies of the effects of fluoride expo-
sure on neurodevelopment and cognition have also been conducted. Given those
studies and a nomination from FAN, NTP conducted a systematic review of the
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8 Review of the Draft NTP Monograph: Systematic Review of Fluoride

evidence on fluoride exposure and neurodevelopmental and cognitive health ef-
fects and released its monograph in 2019 (NTP 2019).2 Although a primary focus
was on the human evidence, the systematic review evaluated animal studies
that had been published since the 2016 NTP report and mechanistic studies that
might be able to shed light on a possible pathway for fluoride exposure to cause
neurodevelopmental or cognitive health effects. The monograph concluded that
“fluoride is presumed to be a cognitive neurodevelopmental hazard to humans.
This conclusion is based on a consistent pattern of findings in human studies
across several different populations showing that higher fluoride exposure is as-
sociated with decreased 1Q or other cognitive impairments in children” (NTP
2019, p. 2). Although NTP did not conduct a formal dose-response assessment, it
noted that effects on cognitive neurodevelopment were inconsistent at concentra-
tions of about 0.03—1.5 ppm. NTP (2019) also stated that the evidence of cognitive
effects in adults was inadequate, that the animal evidence was inadequate to sup-
port conclusions about cognitive effects, and that the possible mechanisms for the
noted effects “are not well characterized.” Given the importance of the findings,
NTP asked the National Academies to review its monograph.

STATEMENT OF TASK

The committee that was convened as a result of the NTP request included
experts in toxicology, epidemiology, neurodevelopment, systematic review, and
statistics. Appendix A provides biographic information on the committee. The
committee was asked to review the monograph and ultimately to assess whether
NTP’s conclusions are supported by the evidence provided in it. The verbatim
statement of task is provided in Box 1-2.

THE COMMITTEE’S APPROACH TO ITS TASK

The committee held several teleconferences and one in-person meeting,
which included an open session at which the committee heard from the sponsor
and interested stakeholders. As part of its evaluation, the committee reviewed key
scientific studies from the monograph and considered materials submitted to the
committee by interested parties. It is important to note that the committee did not
conduct its own independent evaluation of the evidence, and it did not conduct a
data audit (that is, review all the data reported in the monograph to ensure that it
had been reported correctly), although it did review some key literature to enable

21t is important to note that NTP monographs evaluate the evidence that a given expo-
sure causes adverse health effects. As noted by NTP, the monographs might provide hazard
conclusions depending on the assessment goals and available evidence (see https://ntp.
niehs.nih.gov/whatwestudy/assessments/index.html). They typically do not include formal
dose—response assessments, and they are not risk assessments or risk—benefit assessments.
Therefore, they should not be used to reach conclusions on appropriate exposure guidance
levels or standards.
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BOX 1-2 Statement of Task

An ad hoc committee of the National Academies of Sciences, Engineering, and
Medicine will review the National Toxicology Program (NTP) Monograph on
Systematic Review of Fluoride Exposure and Neurodevelopmental and Cogni-
tive Health Effects. The committee will provide an overall critique of the draft
monograph and address the following questions:

e Has the systematic review protocol been followed and modifications appro-
priately documented and justified?

Does the monograph accurately reflect the scientific literature?

Are the findings documented in a consistent, transparent, and credible way?
Are the report's key messages and graphics clear and appropriate? Specif-
ically, do they reflect supporting evidence and communicate effectively?

o Are the data and analyses handled in a competent manner? Are statistical
methods applied appropriately?

What other significant improvements, if any, might be made in the document?
Does the scientific evidence in the NTP monograph support NTP's hazard
category conclusions for fluoride in children and adults?

its review. The committee evaluated whether presentation of the evidence in the
monograph supported NTP’s conclusions and focused primarily on the human and
animal evidence.

ORGANIZATION OF THIS REPORT

The report is organized into four chapters and one appendix. Chapter 2 pro-
vides the committee’s review of the methods and overall presentation. Chapters 3
and 4 provide the committee’s evaluation of NTP’s presentation and assessment
of the animal and human evidence, respectively. Appendix A provides the bio-
graphic information on the committee.

REFERENCES

Gooch, B.E. 2015. U.S. Public Health Service Recommendation for Fluoride Concentra-
tion in Drinking Water for the Prevention of Dental Caries. Public Health Reports
130: 318-331.

NRC (National Research Council). 2006. Fluoride in Drinking Water: A Scientific Review
of EPA’s Standard. Washington, DC: The National Academies Press.

NTP (National Toxicology Program). 2016. NTP Research Report: Systematic Review of
the Effects of Fluoride on Learning and Memory in Animal Studies. Research Tri-
angle Park, NC: National Toxicology Program. Research Report 1.

NTP. 2019. Draft NTP Monograph on the Systematic Review of Fluoride Exposure and
Neurodevelopmental and Cognitive Health Effects. Office of Health Assessment
and Translation, Division of the NTP, National Institute of Environmental Health
Sciences, National Institutes of Health, US Department of Health and Human Ser-
vices.

Trial Exhibit 653.020



2

Methods and Presentation

Starting in 2011, the National Toxicology Program (NTP) Office of Health
Assessment and Translation (OHAT) began developing and incorporating sys-
tematic review methods into literature evaluations to assess scientific evidence of
human health effects of exposures to environmental chemicals, physical sub-
stances, or mixtures (Birnbaum et al. 2013; Rooney et al. 2014). That effort was
part of a cultural change within the environmental-health field in which ap-
proaches to evaluation of scientific evidence resulted predominantly in expert-
based narrative reviews. However, mounting empirical evidence that narrative re-
views generally lacked the ability to evaluate evidence in a rigorous, systematic,
transparent, and reproducible manner indicated that more rigorous approaches to
evidence-based decision-making were needed (Reenie and Chalmers 2009; NRC
2011; Woodruff and Sutton 2011). As a result, several agencies and institutions
have undertaken the development and implementation of systematic review meth-
ods to address environmental questions (EFSA 2010; Woodruff and Sutton 2011,
2014; Murray and Thayer 2014).

NTP OHAT systematic review methods are described in several documents.
First, the OHAT handbook on systematic review (published in 2015 and updated
in 2019) represents the “standard operating procedures” for how systematic
review and evidence integration are to be conducted for OHAT literature-based
assessments (NTP 2015, 2019a,b).! Those operational guidelines are based
largely on empirically tested approaches and expert input from various fields,
such as the clinical sciences, including Cochrane (Higgins et al. 2019), Grading
of Recommendations Assessment, Development, and Evaluation (Guyatt et al.
2008), the Navigation Guide (Woodruff and Sutton 2011, 2014), the Collabora-
tive Approach to Meta-Analysis and Review of Animal Data from Experimental

!Although the protocol for the fluoride monograph refers to both versions of the OHAT
handbook, the committee assumes that it was based on the updated version given that it
incorporates a revised figure (NTP 2017, Figure 3, p. 20) that was provided in the updated
version.

10
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Studies (CAMARADES),? and the Systematic Review Centre for Laboratory
Animal Experimentation (SYRCLE).?

For NTP OHAT literature-based assessments, such as the monograph eval-
uated in the present report, a protocol is developed and shared publicly before
beginning the assessment. A protocol is the detailed plan that is to be followed in
a specific systematic review and describes the rationale, the objectives of the re-
view, and the conduct of each step of the review (NTP 2015; Higgins et al. 2019).
The steps include problem formulation, which results in the development of the
Population, Exposure, Comparator, and Outcomes (PECO) statement; develop-
ment of inclusion and exclusion criteria for study selection; a search of the litera-
ture; extraction of data from included studies; critical appraisal of studies for risk
of bias; synthesis of results from included studies; and hazard identification by
integration of the evidence from human and animal studies and consideration of
supporting evidence from mechanistic studies. Ideally, the protocol should follow
guidance provided by the OHAT handbook but include details specific to the
given systematic review, such as how to rate risk of bias in assessing outcomes of
neurodevelopmental and cognitive effects as in the case here.

The methods section in the monograph should also describe how a specific
systematic review was conducted. Ideally, the methods described in the mono-
graph should align with the details outlined in the protocol or should transparently
and explicitly document, describe, and justify any deviations from the protocol.
In the present chapter, the committee provides its assessment of the methods and
overall presentation.

GENERAL ASSESSMENT

The committee noted several strengths of the monograph. As noted, the pro-
tocol is a critical component of a systematic review and ideally minimizes re-
viewer bias, allows feedback at early stages of the systematic review, and trans-
parently highlights any changes made as the systematic review process unfolds
(IOM 2011). The protocol for the monograph contains descriptions of each step
of the systematic review and clearly outlines several protocol revisions, including
the date and justification of each change. Furthermore, changes in the protocol are
clearly indicated so that both the original text and the modified text are readily

2CAMARADES provides a supporting framework for groups involved in the systematic
review and meta-analysis of data from experimental animal studies. See http://www.dcn.
ed.ac.uk/camarades/.

3SYRCLE focuses on the execution of systematic reviews of animal studies aimed at
more evidence-based translational medicine. See https://www.radboudumc.nl/en/research/
departments/health-evidence/systematic-review-center-for-laboratory-animal-experimen-
tation.
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apparent. NTP appears to be adhering to best practices for systematic reviews with
respect to the availability and documentation of such a protocol before initiation
of a review.

The committee also was impressed by the availability of systematic review
data in the interactive, freely available program Health Assessment Workspace
Collaborative (HAWC).* Given the plethora of data extracted from studies and
the risk-of-bias ratings and justifications, interactive programs increase the ease
with which an independent reviewer can explore the data in more detail without
being limited to the graphics and tables provided in the report itself. The commit-
tee appreciated that most of the tables and figures in the monograph were available
with additional study details and interactive graphics in HAWC.

The committee, however, had some overarching concerns regarding the
protocol, data presentation, and communication that are described in the following
sections, and it provides some suggestions for improvements.

PROTOCOL

The protocol for the systematic review described in the monograph was
published on NTP’s Web site in June 2017 and made available for public com-
ment. It was reviewed several times by technical advisers selected for their exper-
tise on this topic. In general, it describes the overall systematic-review process
and clearly outlines modifications that were made during the review. The com-
mittee, however, identified several issues associated with the protocol. First, the
role of the OHAT handbook in developing the protocol is unclear. Second, im-
portant details are missing from the protocol. Third, inconsistencies between the
protocol and the monograph raise concerns. Those issues are discussed further
below; other issues associated with execution of the protocol are discussed in
Chapters 3 and 4. Given the issues raised here and in later chapters, the committee
finds that there are some deficiencies in the protocol and its execution.

Role of the OHAT Handbook

As discussed, the OHAT handbook outlines “standard operating procedures
for systematic review and evidence integration for conducting OHAT literature-
based assessments” (NTP 2019a, p. v) and is intended as a “living document” that
is continually updated to reflect refinement and modifications of the OHAT ap-
proach. However, the protocol scarcely refers to the OHAT handbook and does
not discuss its role in developing the protocol. Specifically, the only references to
the OHAT handbook in the protocol are noted below.

e A statement that “the systematic review will be based on guidance out-
lined in the Office of Health Assessment and Translation (OHAT) Handbook for
Conducting a Literature-Based Assessment” (NTP 2017, p. 3).

4See https://hawcproject.org/user/login/?next=/portal/.
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e Supporting descriptions of “tier 3” studies that have overall very serious
risk-of-bias concerns for individual epidemiology studies (NTP 2017, pp. 8, 10).

e Further guidance for assessing confidence in the body of overall evi-
dence (NTP 2017, p. 13).

Thus, the role of the OHAT handbook in developing the protocol is unclear.
That ambiguity leads to concerns about the lack of detail in the protocol and about
apparent conflicts between the methodologic approach in the protocol and the
OHAT handbook itself. Several examples of that ambiguity and the associated
concerns are provided below.

e Nomination history. According to the OHAT handbook, this section
should describe “the history of the nomination...steps the NTP has taken to solicit
feedback on the topic under consideration, including Federal Register notices,
requests for information in the NIH Guide for Grants and Contracts, outreach to
federal agencies on the NTP Executive Committee, or outreach to other divisions
within NIEHS [National Institute of Environmental Health Sciences]” (NTP
2019a, p. 12). This section should also provide a summary of any comments re-
ceived during the comment periods. However, the protocol mentions only briefly
when the topic was nominated and when it was presented to the NTP Board of
Scientific Counselors (NTP 2017, p. 5). Some additional detail is provided in the
section “Nominations to NTP” (NTP 2017, p. 2) and in the monograph itself,
which acknowledges that the nomination was from the Fluoride Action Network,
but the protocol does not address the extent of topics as outlined in the OHAT
handbook.

e Problem formulation. According to the OHAT handbook, this section
should “describe and document major decisions made during scoping and prob-
lem formulation. It should also describe how key scientific issues will be ad-
dressed in the evaluation. Problem formulation activities include discussions of
the evaluation design team, preparation of scoping reports and any external activ-
ities, such as concept review by the NTP Board of Scientific Counselors, public
comment, or webinars, listening sessions, or workshops undertaken to solicit in-
put on specific scientific or technical issues” (NTP 2019a, p. 16). However, that
information appears to be missing from the protocol. In the monograph, the sec-
tion “Problem Formulation and Protocol Development” contains a list of problem-
formulation steps, including input from the NTP Board of Scientific Counselors
and a review of the draft protocol by technical advisers (NTP 2019c, p. 5). Notably
missing is a discussion of opportunities for public engagement and comment ex-
cept for acknowledgment that the protocol has been publicly available on NTP’s
Web site since June 2017. The OHAT Web site appears to indicate that there were
several public-comment periods in 2015 and 2016, but they are not reported or
discussed in the protocol.
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14 Review of the Draft NTP Monograph: Systematic Review of Fluoride

o Development of PECO statement. The OHAT handbook includes a sec-
tion “Key Questions and Analytical Framework” that guides development of the
PECO statement, but a similar section is not included in the protocol or the mon-
ograph.

o Screening and data extraction. In the protocol, four NIEHS staff and nu-
merous ICF contractors are identified as involved in the screening step. The
OHAT handbook states that if a contractor is used, a second reviewer should be
an NTP staff member. It is unclear whether that guidance was followed. For data
extraction, the protocol does not mention training for data extractors or pilot test-
ing of all team members as recommended in the OHAT handbook.

To increase transparency, NTP should clearly describe the role of the
OHAT handbook in developing the systematic-review protocol primarily to set
expectations for how closely the process described in the handbook will be fol-
lowed in the protocol and eventually the systematic review. That would help to
address concerns about information that appears to be missing from the protocol
or about conflicts between the protocol and the handbook.

Important Details

The presentation by NTP OHAT staff to the committee on November 6,
2019, indicated that the protocol for the monograph is intended to serve as a stand-
alone document—that is, the protocol should contain all details relevant to the
conduct of the systematic review. That position might be due partly to the fact
that the OHAT handbook will change, as it states: “the procedures are a living
document with the expectation that approaches will be updated as methodological
practices are refined and strategies identified that improve the ease and efficiency
of conducting a systematic review” (NTP 2019a, p. v). The OHAT handbook has
already undergone one recent revision (NTP 2019b) and will likely undergo sev-
eral more. Thus, it might be best if each systematic-review protocol could stand
alone as an independent document that contains all the information necessary for
understanding of the planning and conduct of the review. The committee, how-
ever, acknowledges that it would also be satisfactory to cite the appropriate OHAT
handbook versions in the protocol for sections in which the details regarding the
process align with the handbook to limit the need to repeat information from the
handbook in the protocol.

Any details pertaining to the conduct of a review should be planned before-
hand and described in the protocol. The committee found that many important
details were missing from the protocol, although some of the information was
contained in the OHAT handbook or the monograph. The committee recommends
that the details be included in the protocol for transparency. Examples of im-
portant details missing in the protocol are as follows:
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o Updating animal literature search. One of the specific aims of the sys-
tematic review was to update the experimental animal literature cited in NTP’s
systematic review of the animal evidence on effects of fluoride on learning and
memory (NTP 2016). However, details on the procedures used to update the lit-
erature search were lacking. The protocol provides database search strategies in
Appendix 1, but these are not specific to the evidence stream and list only an end
date for the search (December 19, 2016, for PubMed). The search strings also
appear to differ from those used in the previous animal systematic review (NTP
2016). Thus, it appears that the literature search for animal studies is not a
“re-execution”’ of the original search but rather an “update”® of the search. How-
ever, it is unclear how the updated search specifically for animal studies was con-
ducted and whether the modifications in search strategy resulted in the identifica-
tion of new studies published before 2016. The monograph discusses the search
strategies to some extent by stating that “literature searches for this systematic
review were conducted independent of the literature search conducted for the NTP
(2016) report using a similar strategy. As relevant animal studies published prior
to 2015 were identified in the NTP (2016) assessment, the focus of the literature
searches for this systematic review was to identify relevant animal studies that
were published since completion of the literature searches for the NTP (2016)
assessment” (NTP 2019c¢, p. 8). The specific procedure for updating the literature
search for animal studies should be transparently outlined in the protocol with
sufficient details to allow independent reproduction of the search.

e Evidence selection criteria. The protocol includes a detailed PECO state-
ment but does not include explicit inclusion and exclusion criteria. That omission
is critical because, although a PECO statement forms the basis of the criteria, de-
tailed criteria offer greater clarity for understanding and documenting the screen-
ing process for identifying relevant studies. The criteria also increase transparency
for potential reproduction of the review or facilitate updates to incorporate newer
information. The example provided in the OHAT handbook illustrates how de-
tailed inclusion and exclusion criteria provide greater clarity than simply a PECO
statement alone (NTP 2019a. pp. 13, 17).

e Screening for inclusion. Studies were screened for inclusion by using a
structured form in SWIFT-Active Screener, a machine-learning software program
used to rank studies for screening. The National Academies has stated that auto-
mated screening procedures can facilitate efficiencies in the process and that in-
corporation of software tools, such as SWIFT-Active Screener, can help to
achieve that goal (NRC 2014; NASEM 2018). However, those tools are relatively
new and have not undergone rigorous evaluation or validation. Specifically, to the
committee’s knowledge, they have not been validated for screening studies for
inclusion in systematic reviews. Furthermore, screening up to 98% inclusion
means that as many as 2% of the 13,023 studies excluded on the basis of the

See https://handbook-5-1.cochrane.org/chapter_6/6_4 12_updating_searches.htm.
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SWIFT algorithm in this systematic review—260 studies—could be relevant ac-
cording to title and abstract screening but missed in the initial screening. Given
the large number of studies screened for this systematic review, that is not an
insignificant number, although the committee notes that not all the studies would
likely be deemed relevant in the full-text screening step. The OHAT handbook
mentions the SWIFT text-mining and machine-learning tools but does not justify
or cite why 98% estimated recall is considered sufficient. The committee recom-
mends that the protocol discuss the basis of that decision and potentially conduct
a sensitivity analysis to determine the effect of that cutoff on the overall findings
(for example, by reviewing a random subset of the studies excluded on the basis
of the SWIFT algorithm to identify the number of potentially missed references).

e Reporting excluded studies. It was decided in a May 2019 protocol revi-
sion not to list excluded studies because the number of studies excluded by using
SWIFT Active during title and abstract screening was large. The OHAT handbook
indicates that the list of included and excluded studies should be posted on the
project’s Web site when screening has been completed to provide an opportunity
for public review of the literature considered for evaluation. There is no mention
of a size-cutoff criterion. The committee finds that further justification of the de-
cision is warranted; this pertains to a list of 9,667 references screened and ex-
cluded and 13,023 references not screened—not an unreasonable number to pre-
sent. In particular, the list of 2% unscreened studies based on 98% recall in SWIFT
Active would be particularly appropriate to include because there is a chance that
up to 260 studies could be missed as noted above.

e Screening and data extraction. The protocol lacks details relevant to
screening and data extraction. For example, the protocol (NTP 2017, p. 29) de-
scribes the ideal evaluation team by stating that the “team members should have
at least a master’s degree or equivalent level of experience in epidemiology, tox-
icology, environmental health sciences, or a related field.” However, it is unclear
whether that criterion was met by the members of the review team inasmuch as
only their names and affiliations are provided. Furthermore, more ICF contractors
are listed in the monograph than in the protocol, but it is unclear when and why
they were added. The committee recommends that the expertise and experience
of all team members be provided for transparency to ensure that the review team
has been established with expertise and experience appropriate for conducting the
systematic review and recommends that OHAT guidance regarding the screening
and data extraction process be followed.

e Data synthesis. The protocol does not include details about the planned
conduct of statistical analyses, for example, models for meta-analyses, meta-
regression, sensitivity analyses, or statistical evaluation of publication bias. The
protocol contains only a section that discusses consideration for pursuing a narra-
tive or quantitative evidence synthesis and addresses heterogeneity in the availa-
ble evidence. One assumes that the approach outlined in the OHAT handbook was
applied, but that is not explicitly stated. Given that data analyses can vary with
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specific study questions, it would be appropriate to include a section on data anal-
ysis in the protocol. That approach is consistent with Cochrane and other protocols
for environmental health.

e Rating evidence. The protocol contains details for each factor that con-
tributes to increasing or decreasing confidence in the body of evidence (see Table
4 “Key Factors when Considering Whether to Downgrade or Upgrade across a
Body of Evidence,” NTP 2017, p. 14ft), but the committee did not find that these
descriptions were sufficient to ensure reproducibility or transparency of the pro-
cess. For example, the downgrade factor of “risk of bias” includes only a list of
the critical factors that potentially contribute to high overall risk-of-bias ratings.
However, that guidance does not sufficiently outline the criteria that make it ap-
propriate to downgrade for risk-of-bias concerns. NTP should clearly define each
factor, including key considerations that warrant upgrading or downgrading the
body of evidence. If the factors for upgrading and downgrading the body of evi-
dence align with criteria provided in the OHAT handbook, that should be explic-
itly stated, and the appropriate version of the handbook should be cited to indicate
where additional details might be found.

Consistency

Some details outlined in the protocol appeared inconsistent with methods
ultimately implemented in the monograph. Given the critical role of the protocol
in the design and implementation of a systematic review, those potential discrep-
ancies were concerning. Changes in the protocol are common, as illustrated by
several transparently documented modifications of the protocol, but inconsisten-
cies between the protocol and the monograph raise concerns regarding the ra-
tionale for specific changes and why they were not documented in the protocol.

e Consideration of mechanistic data. The protocol states that if “mecha-
nistic data fail to provide support for biological plausibility of the relationship
between exposure and the health effect, the hazard identification conclusion may
be downgraded...from that initially derived” (NTP 2017, p. 22). However, the
monograph differs by stating that “if mechanistic data provide strong opposition
for biological plausibility of the relationship between exposure and the health ef-
fect, the hazard identification conclusion may be downgraded...from that initially
derived” (NTP 2019c, p. 16). The committee finds that the latter approach is more
appropriate because failing to provide support of a relationship is fundamentally
different from providing support against a relationship. The committee concludes
that there must be sufficient mechanistic evidence to warrant downgrading a haz-
ard conclusion, not simply lack of evidence that supports a relationship.

o QOutcome assessment. The protocol does not specify any subgroup or sen-
sitivity analyses to be conducted. In the monograph, however, the decision to eval-
uate child and adult outcomes separately is presented. The protocol did not ex-
plicitly discuss or justify that decision or provide a definition to guide analysis.
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The monograph does discuss how the NTP (2016) report considered the two age
groups for experimental animals separately and indicates that this systematic re-
view has mirrored such an approach (NTP 2019c, p. 4). However, the protocol
should indicate when the decision was made, provide justification for it, and dis-
cuss specifics of the approach, for example, defining the age ranges that constitute
“adult” and “child.” The protocol also should specify how evidence from studies
that evaluate mixed populations (those containing children and adults) were in-
corporated. In general, any planned subgroup or sensitivity analyses should be
described and justified in the protocol.

o Confounders adjustment. In the protocol, the two critical confounders
were identified as the potential for co-exposures (arsenic and lead) and iodine
sufficiency. In the monograph, however, iodine deficiency or excess is listed as a
potential confounding variable that might be considered important but not neces-
sary; this is a major difference from the protocol, and it is unclear why it changed.
Figure 6 in the monograph identifies key confounders as age, sex, arsenic, and
socioeconomic status. Again, that is a discrepancy from what is discussed earlier
in the monograph and in the protocol. Furthermore, a checkmark in Figure 6 in-
dicates that the factor was considered and might have been adjusted for in the final
model, but the criterion in the protocol for a low rating is that the study must
provide quantitative summaries of the covariate and adjust for it in the analysis.
Such discrepancies should be reconciled.

DATA PRESENTATION

As stated in Chapter 1, the committee did not conduct a data audit, but it did
find some minor issues with data presented in the monograph. Some of the issues
appear to be minor errors; for example, the number of references is incorrectly
reported in Figure 4 “Study Selection Diagram” (NTP 2019c, p. 18). During the
title and abstract screening, 9,667 references were screened and excluded; 13,023
references were not screened, on the basis of the SWIFT algorithm; and 807 ref-
erences were included for full text review. Those numbers sum to 23,497—30
more studies than reported as screened in the figure (23,467).

Other presentation issues are related to enhancing the utility of the data
presentation. For example, most tables and figures in the monograph are orga-
nized alphabetically by study author last name. That approach does not convey
the information in a meaningful format. It might be better to organize the studies
in a more informative way; for example, risk-of-bias tables could be organized by
risk-of-bias ratings (that is, studies that have the most green “ratings” first and
studies that have fewer such ratings thereafter) or by stratifying the studies ac-
cording to critical risk-of-bias domains similar to the example provided in the
OHAT handbook (NTP 2015, p. 39). Because critical domains’ might cause a

"Key domains for humans include confounding, exposure characterization, and out-
come assessment, and key domains for animals include randomization, exposure charac-
terization, outcome assessment, and litter effects for developmental studies.

Trial Exhibit 653.029



Methods and Presentation 19

study to be excluded from the analysis, highlighting them in each table would help
readers to interpret the overall risk-of-bias ratings. As another example, Table 6,
“Studies on Neurodevelopmental and Cognitive Function in Humans,” also ar-
ranged studies alphabetically by study author last name (NTP 2019c¢, p. 22ff). An
alternative suggestion would be to categorize studies by age cutoffs because the
outcomes are evaluated separately for children and adults. Furthermore, NTP
should include the detection limit of exposure measures for each study in Table 6.
Organization of data is discussed further in Chapters 3 and 4.

COMMUNICATION

The committee noted that the monograph might benefit from improved
communication in several respects. First, many people are interested in the ques-
tion of whether water fluoridation to prevent dental decay poses a threat to cogni-
tion and neurodevelopment. Although the monograph includes some discussion
of dose—response relationships, NTP did not conduct a formal dose-response as-
sessment that could inform a discussion on water fluoridation. NTP needs to state
clearly that the monograph is not designed to be informative with respect to deci-
sions about the concentrations of fluoride that are used for water fluoridation. That
point should be reiterated at the end of the monograph with some indication that
its evaluation of the literature is focused on hazard identification of fluoride and
that it does not draw any conclusions regarding drinking-water fluoridation or
other fluoride sources, such as toothpaste or other dental treatments. Although
NTP does not explicitly claim that it has done something other than hazard iden-
tification, the context into which the monograph falls calls for much more care-
fully developed and articulated communication on this issue.

Second, the monograph lacks details on the process of evaluating confi-
dence in the body of evidence. As discussed earlier, the protocol lacks sufficient
definitions for level-of-evidence descriptors as they pertain to the specific study
question addressed in the monograph. However, the ratings applied for each con-
fidence factor (Table 7, NTP 2019c, p. 51) also lack any justification or discus-
sion. For example, NTP’s discussion of the overall risk-of-bias rating (NTP
2019c, p. 28) states that the confidence rating was not downgraded because 20
studies had little or no risk-of-bias concerns. However, NTP also states that the
remaining human studies had probably high or definitely high risk of bias for at
least two key considerations (exposure characterization, outcome assessment, or
confounding factors). Thus, the rationale for not downgrading risk of bias is not
entirely clear. NTP should consider supplementing Table 7 with clear justification
for each confidence factor rationale for and why upgrade and downgrade factors
were not applied for any of the human evidence.

Finally, there is little discussion of the process for obtaining missing or ad-
ditional information from study authors. The monograph states that authors of
included studies “were queried by email to obtain missing information and re-
sponses received were used to update risk-of-bias ratings” (NTP 2019c, p. 12).
The author responses and changes in risk-of-bias ratings were documented in the
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HAWC program. Obtaining additional information from study authors is critical
for systematic review because it can minimize the effect of reporting bias vs other
aspects of bias related to the design and implementation of studies. However, the
monograph lacks clear documentation of how many authors were contacted,
which authors were contacted, how many responded, and how risk-of-bias ratings
were updated generally. Although that is tracked in HAWC with the actual risk-
of-bias ratings, it could be helpful to include overall summary statistics of this
critical process for greater transparency in the monograph. At a minimum, risk-
of-bias ratings or extracted data that are updated on the basis of information ob-
tained from the study authors should be clearly indicated for the specific risk-of-
bias ratings or data in all relevant tables and figures.
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Animal Evidence

The National Toxicology Program (NTP) monograph presents a systematic
review of animal studies of fluoride exposure related to learning and memory that
were published from 2015 to August 20, 2019, as an update of the agency’s 2016
systematic review (NTP 2016). The 2016 review found a low-to-moderate level
of evidence that learning and memory deficits occur in experimental animals
exposed to fluoride, a finding that prompted NTP to conduct its own study
(McPherson et al. 2018). On the basis of its updated systematic review, NTP
changed its conclusion to a finding that the animal data are inadequate to inform
conclusions on cognitive effects. This chapter reviews the major steps of the sys-
tematic review and how it was used to draw hazard-identification conclusions.

LITERATURE SEARCH AND SCREENING

In accordance with its protocol, NTP conducted a comprehensive literature
search for animal studies of fluoride exposure and measures of learning and
memory.' However, NTP’s inclusion and exclusion criteria for screening the an-
imal literature at the full text level are not documented in either the protocol or
the monograph. As noted in Chapter 2, that omission is critical because detailed
criteria offer greater clarity for understanding and documenting the process for
identifying relevant studies.

RISK-OF-BIAS EVALUATION
A concern for the committee was whether NTP’s risk-of-bias evaluations

adequately captured important threats to internal validity that are specific to neu-
robehavioral outcomes in animal tests. The guidance in the protocol touched on

! Although the mechanistic evidence is considered separately from the animal evidence,
and the committee focused on the animal evidence, the committee questioned whether the
literature search strategy for mechanistic evidence was adequate to capture all relevant in-
formation, especially with respect to studies that analyzed data derived from new approach
methodologies. For example, publications that report testing of large numbers of chemicals
in which chemical names are present only in tables or supplemental files might not be
captured.

22
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some of the threats, but insufficient detail was provided to ensure a rigorous, con-
sistent evaluation of neurobehavioral studies. Concerns regarding several risk-of-
bias domains are discussed below.

Attrition

Findings of neurotoxicity or neurodevelopmental toxicity of any kind are
seriously confounded at doses that result in excessive animal deaths. For example,
Kinawy and Al-Eidan (2018)—a study considered by NTP—reported a 30% de-
crease in the number of offspring in a fluoride-treated group; this result raises
serious concerns about the validity of the study’s findings. Given its review of
some key studies, the committee is concerned that high mortality was not ade-
quately considered by NTP when it evaluated the animal studies for this risk-of-
bias domain.

Confidence in the Outcome Assessment

The protocol lists examples of “well-established methods” for measuring
particular outcomes and refers to meeting “standard protocols for each of these
well-established methods” for a study to be rated as having a low risk of bias (NTP
2017, p. 65). The committee found, however, several examples of studies in which
inappropriate testing procedures were followed or descriptions of methods were
insufficient to evaluate their adequacy. That issue indicated to the committee that
the risk-of-bias raters simply looked for a test name to determine whether the
method was “reliable” without assessing whether methods were suitable to sup-
port confidence in the validity of the results. For example, some of the test periods
in open-field tests of locomotor activity were too short (3—5 min) to provide reli-
able, reproducible, or meaningful results (see, for example, Balaji et al. 2015;
Bartos et al. 2015; Pereira et al. 2011; Kivrak 2012; Sarkozi et al. 2015; Zheng et
al. 2016; Nageshwar et al. 2017; Nkpaa and Onyeso 2018; Sun et al. 2018; Wang
et al. 2018). All those studies are described by raters as having used acceptable
methods. Many published reports indicate that important chemical-related effects
on motor activity are detected only after the first 3-5 min of testing (see, for ex-
ample, Curran et al. 2011; Amos-Kroohs et al. 2015). For that reason, national
and international guidance and guidelines for neurotoxicity and developmental-
neurotoxicity testing recommend testing with automated systems that have activ-
ity sessions of at least 30 min (see, for example, EPA 1998a,b; OECD 2007,
NAFTA 2016).

Another concern is that multiple studies provide incomplete descriptions of
neurobehavioral test methods (see, for example, Zhu et al. 2017; Sharma et al.
2018; Raju et al. 2019). Behavioral testing methods, including such widely used
tests as the Morris water maze (MWM), are not commercially standardized tests.
As a result, there are often deviations from published protocols that can alter the
sensitivity of the test. Thus, a method can be referred to as the basis of what was
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done, but authors still should describe the apparatus, testing conditions, proce-
dures, and dependent measures that they record and note any changes that might
affect the reliability and relevance of the study outcomes. Failure to do so is prob-
lematic. Expert guidance on the proper conduct of behavioral studies is available
(see, for example, EPA 1998c; Cory-Slechta et al. 2001; Tyl et al. 2008; Makris
et al. 2009; Vorhees and Makris 2015; Vorhees and Williams 2015; NAFTA
Technical Working Group on Pesticides 2016).

Proper procedural controls and controls for motivation variables are critical
for obtaining valid behavioral data. For example, the MWM was used in a number
of studies to measure spatial learning and memory, and the most common out-
come reported was how long it took an animal to find the hidden platform. To
interpret the results, data on swim speed, the use of visible platform control trials,
or measures independent of swim speed are needed. Their absence is a serious
deficiency in studies that rely on the MWM. Studies included in the monograph
that were missing one or more of those controls for the MWM include Zheng et
al. (2016), Dong et al. (2017), Zhu et al. (2017), Ge et al. (2018a,b), and Yang et
al. (2018). Authoritative reviews are available to help NTP to identify test-specific
controls whose absence constitutes a serious deficiency (see, for example, EPA
1998c; Cory-Slechta et al. 2001; Tyl et al. 2008; Makris et al. 2009; Vorhees and
Makris 2015; Vorhees and Williams 2015; NAFTA Technical Working Group on
Pesticides 2016).

Statistical Analyses

The committee identified several problems related to evaluation of statisti-
cal analyses in the animal studies. Although failure to control for litter effects was
a critical risk-of-bias factor, the monograph does not appear to give this deficiency
proper consideration. For example, Chen et al. (2018), Sudhakar et al. (2018a,b),
Sudhakar and Reddy (2018), Sun et al. (2018), Wang et al. (2018), and Zhu et al.
(2017) provide no control for litter effects, and these studies were not rated as
having a high risk of bias. If NTP acquired information from the study authors,
that needs to be clearly documented. Lack of control for litter effects constitutes
a critical design and statistical problem in data analyses, and the committee em-
phasizes the importance of this deficiency for evaluating study validity, particu-
larly in studies that include prenatal exposures.

A second problem is that assumptions made in the appraisals about litters,
sample size, and statistics appear to go beyond what the authors of the papers
specify. For example, if there were five litters per group in a study, and the results
indicate that behavioral outcomes were based on five offspring per group, the
monograph seems to indicate that because the sample sizes for litter and offspring
are the same, the offspring must have come from five different litters. The com-
mittee recommends against such assumptions. Unless stated in the paper or con-
firmed by NTP via direct communication with the authors, it should never be as-
sumed that the number of offspring tested came from unique litters; experience
shows that that is generally not the case. A better assumption is that in the absence
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of definitive information, the animals did not come from unique litters. Even if
offspring came from different litters, if the sex of the offspring is not specified,
they could be a mixture of males and females. Males and females exhibit sexually
dimorphic behaviors in virtually all behavioral tests, so it is important that results
are reported according to sex.

A third problem is that the protocol does not provide sufficient guidance for
evaluating statistical analyses. The committee identified a few cases of unaccepta-
ble or inappropriate methods, such as the use of multiple t-tests, and inadequate
sample sizes. For example, Shalini and Sharma (2015) and Li et al. (2019) used
32 and 45 t-tests, respectively, as the statistical method for identifying group dif-
ferences, but the Health Assessment Workspace Collaborative (HAWC) appraisal
states that the “statistical analyses were reasonable.” The use of multiple t-tests
that have not been corrected for multiple comparisons or end points has been
widely regarded as inappropriate in neurotoxicity research for decades (Muller et
al. 1984). A second example is the inappropriate analysis of learning and memory
data by using one-way ANOVA. Learning and memory assays require testing
over days, usually with multiple trials per day; thus, at a minimum, a repeated-
measures ANOVA is required.

Other Potential Threats to Internal Validity

The committee found a threat to internal validity that was not adequately
captured in the risk-of-bias criteria described in the protocol. Evidence of severe
toxicity as reflected in excessive body-weight loss or significantly lower body-
weight gain in exposed compared to control animals is a serious deficiency in
developmental-exposure studies. For example, Mesram et al. (2016) reported
about 43% lower body weights and about 20% lower brain weights in fluoride-
exposed animals compared to controls during early postnatal development.
Shalini and Sharma (2015) reported 10% lower body weights and 7% lower brain
weights in a 60-day adult fluoride-exposure study. Several adult- and develop-
mental-neurotoxicity studies failed to measure or failed to report maternal, fetal,
or pup toxicity (see, for example, Banala et al. 2018; Sudhakar et al. 2018a).
Although severe postnatal toxicity was mentioned in risk-of-bias assessments of
some studies, it is unclear whether maternal, fetal, or pup toxicity was routinely
assessed in all studies. Such effects can seriously confound interpretation of neu-
rodevelopmental effects, and the committee recommends review of those critical
variables in neurodevelopmental studies as part of the risk-of-bias assessment.

Exclusion of Studies
Individual studies are normally excluded at the screening stage but can be
excluded later in the process if they have a high risk of bias. As noted by NRC

(2014, p. 76), “some studies that entail a substantial risk of bias or that have severe
methodologic shortcomings (‘fatal flaws”) [can] be excluded from consideration.
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Examples of such exclusion criteria include instability of test compound, inappro-
priate animal models, inadequate or no controls (or comparison group), or invalid
measures of exposure or outcome.” NRC (2014) stated that the exclusion criteria
should be described in the protocol.

The committee found that some studies cited in the monograph had severe
methodologic shortcomings that could potentially warrant exclusion from the
body of evidence that informs conclusions about hazard. The shortcomings in-
clude evidence of high mortality or severe toxicity, lack of proper controls, and
failure to control for litter effects. NTP should define thresholds or conditions for
exclusion; authoritative reviews (see, for example, EPA 1998c; Cory-Slechta et
al. 2001; Tyl et al. 2008; Makris et al. 2009; Vorhees and Makris 2015; Vorhees
and Williams 2015; NAFTA Technical Working Group on Pesticides 2016) can
provide a basis for doing so.

Overall Presentation of Study Ratings

The committee had concerns regarding the presentation of risk of bias in the
animal evidence. First, the approach to present the evidence differed among the
outcomes being considered. For example, risk-of-bias heatmaps were presented
separately for lower risk-of-bias and higher risk-of-bias studies of biochemical,
neurotransmission, oxidative stress, and histopathology end points (that is similar
to what was done with the epidemiology studies), whereas the studies of learning
and memory were not stratified in this way. Criteria for stratifying the studies
were not presented, so it was unclear how the various risk-of-bias elements were
weighted and it was not stated why the learning and memory studies were not
stratified. An explicit description of how studies were stratified according to their
risk of bias or a ranking of the animal studies is needed for better communication
of how the evaluations of individual risk-of-bias elements were integrated to de-
termine the overall quality of any given study. The committee emphasizes that it
is not recommending that studies be stratified but to explain clearly what approach
is used to evaluate the evidence.

The committee found that the presentation of the risk-of-bias evaluation
suffered from a lack of standard ontology for methods and outcomes (see Hardy
etal. 2012 and Baker et al. 2018 for relevant ontologic considerations) among the
risk-of-bias evaluations and from a the lack of coherence in descriptors between
the summary figures of risk of bias presented in the monograph and those in
HAWC. For example, the term open field as a test method of locomotor activity
is used to describe studies that used subjective observer ratings and studies that
used automated methods. Those types of studies should not be labeled as equiva-
lent. If such an ontology does not exist, it should be reported as a gap in the report.
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DATA EXTRACTION

Several studies (for example, Nageshwar et al. 2017; Nkpaa and Onyeso
2018) involved exposure to fluoride alone and in combination with other treat-
ments, and it was unclear whether NTP evaluated tests of statistical significance
appropriately when extracting data from them. That is important because the stud-
ies analyzed data collectively, but NTP extracted data only from the control and
fluoride-treatment groups, so it was unclear how the effect of fluoride was distin-
guished from effects in the other treatment groups. A few studies used multiple
uncorrected t-tests inappropriately and made all possible comparisons. Did NTP
use the t-tests to compare only the control vs the NaF group? How was that done
when there were multiple fluoride-dose groups? And what was done when the
data were analyzed by ANOVA followed by post hoc individual group compari-
sons? In those cases, the use of such post hoc tests for a subset of comparisons
would not be possible because the error term from the ANOVA includes error
variance from all groups, including ones that involved other treatment combina-
tions. A large proportion of the fluoride studies had one to four additional groups
exposed to fluoride and a hypothesized “protective” substance; this makes sepa-
rating fluoride effects from controls difficult or impossible without access to the
raw data for reanalyzing the data relevant to the systematic review. The mono-
graph does not describe how that important problem was handled.

CONFIDENCE RATINGS

One consideration in assessing the body of the evidence is sample size,
which is critical in neurotoxicity studies.? The use of small samples undermines
the basis of sampling theory; as sample size decreases, the probability of type II
errors increases. For example, the Manusha et al. (2019) study used only five an-
imals per treatment group, and Chen et al. (2018) only six. The evaluation does
not mention the very small groups, whose use leads to low study power and diffi-
culties in replication because of large standard errors. The committee was sur-
prised that sample size was apparently not considered as part of NTP’s evaluation
given that national and international neurotoxicity guidance and guidelines re-
quire sample sizes of at least 10 males and females per treatment group (see, for
example, EPA 1998a,b) .

2Several committee members felt that sample size should be considered as a risk-of-
bias element, and individual studies possibly excluded because they used very small sam-
ples, but they recognized that that approach is not consistent with current systematic-review
methods.
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NTP CONCLUSION

On the basis of the information provided in the monograph, it was not ob-
vious to the committee whether NTP followed the protocol to reach its conclu-
sions about the animal evidence. There was no explicit discussion of NTP’s con-
fidence in the body of evidence. Rather NTP dismissed all the animal studies by
stating that collectively they are “inadequate to inform conclusions on whether
fluoride exposure is associated with cognitive effects...in humans” (NTP 2019,
p- 2). That conclusion is based on the contention that it is not possible to separate
effects on cognitive end points from effects on locomotor activity or motor coor-
dination. In other words, the entire animal dataset on fluoride is essentially dis-
missed from consideration because changes in locomotor activity in fluoride-
exposed animals were regarded as confounding the interpretation of all learning
and memory data. The committee questions that rationale. Locomotor-activity
changes can sometimes affect learning and memory outcomes, but often they do
not, and given that many of the fluoride studies used 3- to 5-min open-field tests
that are unreliable measures of locomotor activity, it is inappropriate to use dif-
ferences in such tenuous assessments to exclude learning and memory results.
Moreover, it has been demonstrated many times that the presumed confounding
influence of activity on learning and memory behavior does not occur. For exam-
ple, open-field activity changes do not necessarily translate to swimming tasks.
Hence, MWM studies are unlikely to be affected by open-field activity differences
unless the activity changes are large and persistent, and this cannot be determined
from 3- to 5-min tests of exploration. Even if it could be determined, it must be
shown that such locomotor effects are present in a measure, such as swim speed,
that directly affects performance in the learning and memory part of the task. If
swim speeds are comparable among groups, locomotor-activity differences are
not a concern for MWM outcomes. Moreover, swim speed does not affect some
dependent measures in the MWM, such as path length and path efficiency. For
example, the Yang et al. (2018) study found no effect of fluoride on swimming
path length in the MWM—a measure of learning—a result that indicates that any
changes found in the 3-min open-field test did not confound findings related to
cognition. In the fluoride-neurotoxicity literature, more careful analyses are
largely absent, and it is a mistake to dismiss studies of learning and memory be-
cause of minor, brief locomotor activity effects or when other assessments can
rule out locomotor confounding effects in cognitive assessments.

COMMITTEE CONCLUSIONS

The committee found that some studies had serious deficiencies that made
it question the protocol guidance for rating the internal validity of the studies.
Several of the risk-of-bias elements appear to need more detail to ensure a rigor-
ous, consistent evaluation of the neurobehavioral studies, and NTP should con-
sider excluding studies that have specific egregious deficiencies (high mortality
or severe toxicity, lack of proper controls, and failure to control for litter effects).
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The committee also questions NTP’s rationale for dismissing the animal evidence
as discussed above. Given the serious concerns raised by the committee, NTP will
need to decide whether it should reanalyze the animal evidence. The committee
cautions, however, that given the poor quality of the animal studies that it re-
viewed, revising the systematic review to address the concerns highlighted might
not affect the finding that the animal evidence is inadequate to inform conclusions
about fluoride exposure and neurodevelopmental and cognitive effects in humans.
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Human Evidence

The National Toxicology Program (NTP) based its conclusion in the mon-
ograph primarily on the human evidence. It considered the human evidence to be
“relatively robust” and evaluated the association between fluoride exposure and
neurodevelopmental and cognitive effects in 82 publications. It stratified the stud-
ies into two categories: lower risk of bias (20 publications') and higher risk of
bias (62 publications). Although it evaluated all the studies, the confidence in its
conclusion is primarily based on the lower risk-of-bias studies; it concluded that
the higher risk-of-bias studies did not affect its confidence in its hazard conclu-
sion. This chapter provides the committee’s assessment of NTP’s evaluation of
the human evidence in the monograph.

LITERATURE SEARCH

In the monograph, NTP clearly displayed the results of the literature search
and screening process in a PRISMA flow diagram, a widely accepted framework
for reporting a screening process and the ultimate number of included studies. The
committee, however, had some concerns regarding NTP’s literature-search strat-
egy. One of the sources used to identify articles for the systematic review was the
Fluoride Action Network (FAN). The committee acknowledges FAN’s efforts
in providing several studies that appear to be relevant for the review. However,
the process by which FAN identified and selected studies is not clear. FAN iden-
tified a number of studies published in Chinese language journals—some of which
are not in PubMed or other commonly used databases—and translated them into
English. That process might have led to a biased selection of studies and raises
the question of whether it is possible that there are a number of other articles in
the Chinese literature that FAN did not translate and about which NTP is unaware.
NTP should evaluate the potential for any bias that it might have introduced into
the literature search process. Possible ways of doing so could include conducting
its own searches of the Chinese or other non—English-language literature and con-
ducting subgroup analyses of study quality and results based on the resource used
to identify the study (for example, PubMed vs non-PubMed articles). As an initial
step in such evaluations, NTP should consider providing empirical information

ITwo of the 20 publications investigated adults, and the other 18 publications investi-
gated children.
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on the pathway by which each of the references was identified. That information
would also improve understanding of the sources that NTP used for evidence in-
tegration and the conclusions drawn in the monograph. The committee empha-
sizes that its comments regarding FAN are aimed only at evaluating bias; they are
not intended to discourage stakeholder input into the systematic-review process,
and the committee acknowledges and encourages the important contributions of
FAN and other stakeholder organizations in this process.

STUDY INDEPENDENCE

The unit of analysis in a systematic review is a study, not a report or a pub-
lication. The protocol and the monograph do not appear to pay sufficient attention
to the independence of multiple publications based on single epidemiologic stud-
ies. That is important because NTP enumerates in the monograph and describes
in both the text and table summaries specific publications that apparently contrib-
ute to the “extent of evidence,” one of the criteria on which hazard characteriza-
tion is based. In at least some cases, a given study is listed and described in
separate publications. For example, two publications by Xiang and colleagues
(2003, 2011) regarding intelligence (IQ) and fluoride exposures in China were
based on the same population, outcome data, and covariates; they are distin-
guished only by the exposure metric (serum fluoride concentration), which is
reported in the 2011 paper to have been collected at the same time as the urine
fluoride concentrations in the 2003 paper. By not making it clear that those
multiple publications come from a single study, some studies might be double-
counted, and NTP’s characterization of the extent of the evidence might be exag-
gerated.

RISK-OF-BIAS EVALUATIONS
Consistency of the Protocol and the Approach

The risk of bias in individual studies was assessed by using criteria provided
in the protocol. Three key domains—exposure characterization, outcome assess-
ment, and analysis of potential confounding variables—were emphasized. The
committee agrees with the comprehensive approach described but is concerned
that there were differences in the approach presented in the protocol compared
with that in the monograph. For example, the protocol and the Office of Health
Assessment and Translation (OHAT) handbook refer to “Tier 3 studies that are
rated as having a high risk of bias in the three key domains (exposure, outcome,
and confounding). However, the monograph does not present the studies in tiers
but rather categorizes them only as having “higher” or “lower” risk of bias. The
approach to assessment of confounding also appears to be somewhat inconsistent.
The protocol states that “key covariates” include iodine sufficiency and co-
exposure to such neurotoxic compounds as arsenic and lead, and it states that
“failure to consider the distribution of the key covariates across the exposure
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groups will result in a ‘probably high [risk of bias]’ or ‘definitely high [risk of
bias]”” (NTP 2017, p. 9). Those statements in the protocol seem to suggest that
the key covariates need to be addressed in every study. However, the monograph
states that studies were not required to address every potential confounder but
rather only co-exposures or confounders that were considered important for a spe-
cific study’s population and outcome (NTP 2019, p. 29). Thus, the monograph
seems to suggest that the key covariates do not have to be addressed in every
study. An example of how that might be a problem is the evaluation of Bashash
et al. (2017). NTP does not appear to have considered iodine sufficiency for that
study, and arsenic was considered only superficially. However, the study was still
rated as “probably low risk of bias” for confounding. That rating might be con-
sistent with the approach described in the monograph, but it seems inconsistent
with the protocol. Overall, the protocol and the monograph should be clear and
consistent about whether key covariates need to be addressed in every study. If
not, the process for deciding which covariates should be addressed in which stud-
ies should be clearly described. A final example of inconsistencies between the
protocol and the monograph is related to exposure characterization. According to
the protocol, “studies that measure or estimate individual exposures, biomarker
levels (such as urinary fluoride), or fluoride intake will generally be assigned
probably or definitely low [risk of bias] with regard to exposure assessment”
(NTP 2017, p. 9). In the monograph, however, Broadbent et al. (2015, p. 73),
which used individual “history of use of 0.5-milligram fluoride tablets...and use
of fluoridated toothpaste,” was rated as having a high risk of bias with respect to
exposure assessment.

Thoroughness of the Evaluation
Confounding

NTP developed a reasonable list of the factors most likely to cause con-
founding in the literature as a whole (NTP 2019, p. 29); in several cases, it pro-
vided thoughtful discussions of the likelihood of confounding by some of the fac-
tors. For example, NTP identified arsenic as a potential confounder and noted in
several cases that studies did not take place in areas known to have high arsenic
exposures. The committee, however, identified many cases in which NTP’s eval-
uations or analyses of confounding were insufficient, difficult to understand, or
applied inconsistently from one study to another. As noted above, NTP should
explain why some sources of potential confounding are considered to be more
important in some studies than in others and to address what is known about the
magnitude and direction of association between the potential confounders and
both fluoride exposure and neurodevelopment. For example, in its analysis of the
Russ et al. (2019) study of dementia in the Health Assessment Workspace
Collaborative (HAWC), NTP states that “the main confounder missing for evalu-
ating dementia is smoking status.” However, the relative risks are low in many
studies of smoking and dementia, and this suggests that smoking is unlikely to
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have contributed substantially to the hazard ratios of 2.65 (men) and 2.32
(women) of high fluoride exposure and dementia reported in Russ et al. (2019).
There are various methods for addressing the potential magnitude of confounding,
and NTP should consider some of them (see, for example, Axelson 1978; Rudolph
and Stuart 2018).

The potential for confounding might also depend on the source of fluoride.
Specifically, the potential confounders that are important in studies where high
exposures are due primarily to naturally occurring fluoride in drinking water
might differ from those in studies that involve intentionally fluoridated water. For
example, arsenic and fluoride may co-occur in some areas that have naturally
occurring fluoride, but the co-occurrence might be less common in areas where
fluoride exposures come only from intentionally fluoridated water. Overall, the
method for assessing which confounders are likely to be important in which stud-
ies should include fluoride source.

Exposure Characterization

Exposure misclassification can bias effect estimates in either direction
(Jurek et al. 2005). NTP noted in several cases the possibility of a bias from ex-
posure misclassification but did not discuss its likely magnitude and direction and
did not discuss it in the context of whether a study reported an association between
fluoride exposure and neurodevelopmental and cognitive effects. In many of the
studies of childhood neurodevelopment reviewed by NTP, the researchers appar-
ently assessed exposure by using the same methods for all participants regardless
of their outcome status. Given that approach, most errors in exposure assessment
would most likely bias results to the null. In studies that found no association, that
bias could be the major reason for an absence of an association. In studies that
identified an association, however, the potential for that bias would be less im-
portant in the context of hazard identification because the association would likely
be even stronger if one were able to correct for it (Rothman and Greenland 1998).

A possible example can be seen in the Bashash et al. (2017) study of prena-
tal exposure. Some women had urine samples from all three trimesters, but most
did not; this makes the study susceptible to biases resulting from variable
completeness of exposure data among participants. Depending on the pattern of
“missingness” in relation to true exposure levels (which are unknown) and IQ, the
consequences are not readily predictable. Although the bias is not entirely pre-
dictable, one might conclude that the missing data could bias results to the null,
not toward the association identified in the study. First, there is no indication in
the study or other reason to conclude that the number of samples collected from
each woman varied strongly by child IQ. Not having samples from all women in
all three trimesters would most likely have a nondifferential effect and bias results
to the null. Second, the risks might vary by trimester of exposure, and the most
susceptible trimester might have been missed in some women. Having exposure
data from only a less susceptible trimester in some women would also likely move
the results to the null, not toward the positive findings identified.
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Another issue related to exposure misclassification can be seen in
Broadbent et al. (2015). Here, drinking-water exposures (and thus the differences
in exposure) are fairly low. Causal effects are generally more difficult to identify
convincingly in studies in which differences in exposure are small. In analyses of
fluoride-toothpaste use, participants who reported “always” were compared with
those who reported “sometimes.” However, if fluoride-toothpaste use is actually
relatively high in many people in the “sometimes” category (for example, if they
used fluoridated toothpaste 80-99% of the time), the contrast in exposure between
the “sometimes” and “always” groups would be small and true effects would be
difficult to identify. The same would apply to the comparison of “never” with
“ever” use of fluoride pills in the study if many of the participants in the “ever”
group used the pills only rarely or if they came from the nonfluoridated parts of
the city, which seems likely.

The committee notes that the issues discussed above would probably not
change NTP’s final risk-of-bias decisions in some cases but might in others. Re-
gardless, failure to address those issues thoroughly and consistently raises the
question of whether NTP’s evaluations were sufficient and thus whether its final
conclusion is based on a fair, transparent, and complete evaluation of the literature.

Outcome Assessment

In assessing cognition or other neurobehavioral outcomes in human studies,
it is imperative to protect examiners from information about exposure that could
bias their administration and interpretation of assessments. Many neurobehavioral
or cognitive assessments require direct interaction with children and interpretation
of their responses to test items, so preconceived assumptions about the effects of
a specific exposure can result in a biased interpretation in which children assumed
to be members of a high-exposure group are classified as more deficient in the
outcome. Many of the cross-sectional and case—control studies reviewed by NTP
include children from different areas of residence that have different magnitudes
of exposure. In those studies, if outcome assessments are conducted in schools or
clinics in specific residential areas rather than in a centralized location, children
will be identified as belonging to high- or low-exposure groups simply by pre-
senting at those testing locations. Although several studies reviewed by NTP in-
cluded information on examiner blinding, at least 10 studies did not specify
whether outcome assessors were blind to exposure. NTP assumed blinding
because urine or drinking-water samples were used to estimate exposure. That
assumption can be unfounded, especially in cases in which participants from high-
and low-exposure communities were assessed in local schools and clinics where
a general sense of exposure characterization could be supposed by the assessor
and result in biased outcomes. Because failure to blind examiners can contribute
to a high risk of bias in study results and conclusions, this aspect should be con-
sidered more carefully in assessing risk of bias in the human studies.

NTP based its conclusions about the effect of fluoride exposure on cognitive
and neurodevelopmental outcomes of children on 18 studies that it determined
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had lower risk of bias. The studies used a variety of neurodevelopmental and cog-
nitive outcome measures that specifically assessed cognitive development, 1Q,
attention-deficit hyperactivity disorder (ADHD), visuospatial organization, and
memory. Nine of the studies used some form of Raven’s Matrices that assesses
inductive reasoning by using visual problem-solving tasks. Raven’s Matrices do
not require verbal responses, so they are often considered the best alternative to
standardized intelligence tests based on the English language for assessing cogni-
tion in studies of non-English speakers. Use of Raven’s Matrices does not increase
the risk of bias but assesses a narrow aspect of cognition; it is not equivalent to a
full intelligence-test battery that assesses a broad array of cognitive domains.
Three of the 18 studies that NTP classified as having low risk of bias used tradi-
tional English-based standardized intelligence tests and were accurately classified
as having low risk of bias on the basis of the outcome criterion.

In some cases, NTP classified studies as having low risk of bias when the
measure of the neurodevelopmental and cognitive outcome was seriously flawed.
Given that the outcome determines whether fluoride is hazardous, its proper meas-
urement should be given more weight. One specific example is the study by
Barberio (2017) in which the neurodevelopmental outcome is based on parent- or
child-reported diagnosis of learning disability or ADHD. That outcome measure
is highly problematic because it does not include an objective measure of neuro-
development or cognition or a confirmation of diagnosis based on review of med-
ical records or objective professional diagnosis. Although NTP recognized that
study weakness and judged the outcome as having “probably high risk of bias,”
the poor quality of the outcome measure warrants a determination of definitely
high risk of bias. Furthermore, that weakness should increase the overall risk of
bias for the study.

Overall, because of the weaknesses in the tests used in many studies, the
committee finds that NTP’s assertion (NTP 2019, p. 49) that “it is unlikely that
evaluation of additional neurodevelopmental effects would change the hazard
conclusion” requires further justification.

Statistical Review

The committee is concerned that the studies included in the systematic re-
view did not undergo a rigorous statistical review. When asked about the role of
statisticians in the review process during the committee’s public meeting, NTP
stated that statisticians were consulted only when the research team was not fa-
miliar with the analytic methods used in a study. The committee finds that ap-
proach insufficient inasmuch as some of the studies identified as having low risk
of bias did not adequately account for the hierarchical structure of their data, and
this compromised their internal validity. For example, Ding et al. (2011) sampled
children in four elementary schools in China and measured exposure by using
urine samples from the children. As demonstrated in Table 1 of that study, water
fluoride concentrations differed widely among the communities, and so urine
fluoride concentrations were likely highly correlated within the communities. The
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study authors, however, failed to account for those relationships, which could
have resulted in overly precise interval estimates of the exposure effects and in-
flated type I error in their statistical tests; this is similar to the effect of ignoring
cluster-level treatment assignment in a cluster randomized trial (Cornfield 1978).
Similarly, Xiang et al. (2003, 2011) appeared to ignore relationships in exposure
between persons from the same village. Unlike the Ding et al. (2011) study, how-
ever, proper control for clustering was not possible because there were only two
villages. Thus, without control for village effects and given the large differences
in fluoride concentrations and 1Q between villages, the apparent dose-response
relationship could be due to a village effect rather than a fluoride effect. As an-
other example, Green et al. (2019) accounted for community-level effects by ad-
justing for city in their analysis, but it was unclear how this was done. If they
treated city as a random effect, their analytic methods were appropriate. However,
if they treated city as a fixed effect, their exposure-effect estimates might be bi-
ased. When exposure levels are determined at the group (such as city) level, fixed-
effect models do not properly separate exposure effects from group effects, and
this results in biased estimates and inflated type I errors (Zucker 1990). Although
Green et al. (2019) used individual-level exposure rather than city-level exposure,
the fixed-effect model could still produce biased estimates if the exposure levels
within a city are highly correlated; this might be expected given that some cities
were fully on fluoridated water and others were not. Those analytic issues could
have been identified by NTP if statisticians had played a more active role in the
development of risk-of-bias instructions or its assessment.

The committee also identified errors in summary statistics that negated the
internal validity of some studies that were rated as having low risk of bias. For
example, Valdez Jimenez et al. (2017) had multiple errors and internal validity
issues among its small cohort of 65 participants. Specifically, there was a large
difference in numbers of males and females in the offspring (20 males, 45
females), and apparently incorrect probabilities were reported for age differences
between participants and nonparticipants, high rates of cesarean deliveries and
premature births among participants (degree of overlap not reported), and incor-
rect comparisons of observed prematurity rates with national expected rates.

ANALYZING THE DATA

NTP states that all 13 studies of childhood IQ that NTP rated as having a
low risk of bias identified at least some evidence of an association of fluoride
exposure with neurodevelopmental and cognitive effects NTP 2019, p. 35). Pre-
sented in that way, the numbers suggest a remarkable level of consistency. How-
ever, the consistency might be exaggerated if only positive results were selected
from studies that reported both positive and negative results (see, for example,
Bashash et al. 2017 or Green et al. 2019). At the very least, NTP should
acknowledge this issue and provide more context when describing the numbers
of positive and negative studies. Alternatively, NTP could develop a series of al-
gorithms a priori that could be used to abstract fully comparable results from the
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studies and could then consider the pattern generated by juxtaposing like findings.
That approach would avoid selective reporting inasmuch as all studies that gener-
ated comparable results would be included. The analysis could be followed by a
consideration of the magnitude and consistency of evidence of an association. An
example of this type of algorithm can be found in the supplementary material
(Web Figure 1) of Carlos-Wallace et al. (2016).

CONFIDENCE RATINGS
Overall

Greater clarity is needed on how the final confidence rating was determined;
in some cases, it is not clear whether NTP followed its own procedures. For ex-
ample, in the monograph (NTP 2019, p. 13) and the protocol (NTP 2017, p. 15),
NTP mentions the potential for increasing its confidence in the body of evidence
if some criteria, including dose-response relationships and consistency, are pre-
sent. On the basis of information provided in Figures D1-11 and in several de-
scriptions throughout the monograph, it appears that dose—response patterns were
seen in several studies (for example, Xiang et al. 2003; Das and Mondal 2016;
Saxena et al. 2012). Furthermore, in a number of sections throughout the mono-
graph, NTP notes the consistency of the evidence. For example, the monograph
notes that “all lower risk-of-bias studies in children reported that higher fluoride
exposure is associated with at least one measure of decreased IQ or other cognitive
effect” (NTP 2019, p. 29). Later in the monograph, NTP states that “the human
body of evidence provides a consistent pattern of findings that higher fluoride
exposure is associated with decreased IQ in children” (NTP 2019, p. 52). How-
ever, despite those statements regarding consistency and the presence of dose—
response relationships, NTP does not appear to have increased its confidence rat-
ings for any category of studies (NTP 2019, Table 7). NTP should explain why
the confidence ratings did not change for any of the study categories.

Cross-Sectional Studies

NTP’s conclusion is based, at least partially, on several cross-sectional stud-
ies. Such studies are often criticized because of their potential for reverse causality
and exposure misclassification. Reverse causality could involve study subjects in
some studies and should be fully evaluated by NTP. However, the committee does
not find that reverse causality is likely to be a major concern in most of the cross-
sectional studies of fluoride and neurodevelopment identified by NTP because it
seems unlikely that diminished neurodevelopmental status would be a widespread
and strong determinant of high fluoride exposure in children. Exposure misclas-
sification because of migration in and out of high-fluoride areas could be a con-
cern in some cross-sectional studies but would likely (albeit perhaps not in all
cases) bias results toward the null, not toward the positive associations identified
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in many studies. In addition, as noted by NTP, several cross-sectional studies min-
imized such misclassification by including only long-term residents or children
who had been living in the same area since birth (see, for example, Xiang et al.
2003, 2011). Overall, the committee felt that well-conducted cross-sectional stud-
ies can potentially provide valid and useful information for evaluating the effects
of fluoride on neurodevelopment and thus agrees with NTP that these studies
should not necessarily be given a final rating of “lower confidence.” As an aside,
the committee did not agree with NTP’s use of the term functionally prospective
to describe some cross-sectional studies. NTP did not define or explain that term,
and it is not used in the epidemiology literature; therefore, the committee discour-
ages its use.

Publication Bias

NTP seems to be relying on the results of the funnel plot from the meta-
analysis of Choi et al. (2012) for its analysis of publication bias. Although the lack
of asymmetry in the plot provides some evidence against major publication bias,
NTP should acknowledge the weaknesses of the approach; for example, factors
other than publication bias can affect the symmetry of funnel plots, and funnel
plots rely on subjective interpretation. In addition, the monograph includes a num-
ber of studies that were not included in the Choi et al. (2012) meta-analysis. Thus,
NTP should do its own analyses of publication bias and use the analyses to eval-
uate the likelihood that publication bias could have had major effects on the body
of evidence that it has identified.

SUMMARIZING AND PRESENTING THE DATA
Definitions of Consistency and Positive

A key conclusion of the monograph is that the results of the epidemiologic
studies consistently show a positive association. Although the desire to provide a
simple summary of a complex array of evidence is understandable, such claims
imply that the studies provide an array of clearly comparable results and that
all suggest an adverse effect of fluoride on neurodevelopment or cognition. In
fact, many of the studies provide results that are based on multiple indicators of
fluoride exposure, assess multiple measures of cognition and neurodevelopment
at different ages, use multiple statistical approaches to characterize the relation-
ship between fluoride exposure and health outcomes, and address markedly dif-
ferent magnitudes of fluoride exposure. The committee recognizes that drawing
conclusions always requires aggregating or summarizing data that have some de-
gree of heterogeneity, but the data should be examined as subsets along one or
more of the axes suggested above. For example, what do the studies of urinary
fluoride resulting from naturally occurring fluoride exposure indicate for IQ be-
low the age of 5 years? Accordingly, the monograph should juxtapose results of
broadly comparable studies and use the resulting information to provide a text
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summary of the patterns observed. If comparing “like to like” results yielded con-
sistent results for all measures, ages, exposure sources, statistical approaches, and
exposure ranges—taking random error into account—that would indeed warrant a
statement that results consistently show adverse effects. The monograph, however,
does not provide the evidence in a manner that leads to that conclusion.

The text that is used to justify the assertions of consistently positive results
is purely anecdotal and cites isolated findings from specific studies without ex-
plaining why those findings, and not others, were highlighted. Selective reporting
of the literature in that way is almost certain to generate a false impression of
consistency. Although it might be true that every study has at least some indication
of adverse outcomes associated with higher fluoride exposure, that does not pro-
vide a clear or necessarily useful assessment of the body of evidence. Further-
more, it is inappropriate to rely on statistical significance as the single indicator
of whether a study is called “positive,” given that studies with low power can
nonetheless generate an indication of a positive association and that those with
isolated statistically significant findings might not provide an overall pattern indic-
ative of a positive association. The information provided in the monograph does
not allow readers to follow the steps from assembling and presenting available data
in an objective and informative manner to making observations about the pattern
of the results to drawing conclusions from the patterns that were observed.

Methodical Presentation of Results

A full understanding of the data calls for their detailed examination in rela-
tion to the methodologic features of the studies. Study results can be arrayed in
multiple ways that would be informative. For example, studies can be categorized
on the basis of such risk-of-bias criteria as blinding or such factors as the major
source of fluoride in each study (naturally occurring vs intentional addition), mag-
nitudes of exposure, or the ages at which an exposure or outcome was assessed.
Informative evaluations can then be made by comparing study results within the
categories. For example, if the methodologically strongest studies tend to show
clearer associations than the methodologically weaker ones, the evidence could
be interpreted as providing greater support for a possible adverse effect than if the
reverse were found. Consistency among studies of varied methodologic quality
might also help to provide evidence that some issues do not present major con-
cerns. For example, if studies in which the researchers were blinded yield results
similar to those of a comparable set of studies in which researchers were not
blinded, this finding might provide evidence that failure to blind was not a major
source of bias. Similarly, categorizing studies on the basis of exposure might help
to identify dose—response relationships; that is, if a true association exists, studies
that have the highest exposures and the widest range between the “low” and
“high” exposure groups would be expected to report greater effect sizes than stud-
ies that involve low exposures and a narrow exposure range between groups.
Overall, by categorizing studies on the basis of a variety of methodologic factors
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and comparing groups of studies within the different categories, NTP should be
able to provide a more detailed and comprehensive evaluation of the literature.

The committee notes that the presentation of study results in Table 6 and
Figures D1-12 made it difficult to assess the variability of exposure—effect esti-
mates across studies. It recommends that NTP present forest plots—similar to
Figure 2 in Choi et al. (2012)—for subgroups of studies that have the same effect
estimate (such as relative risk), that have similar dose and outcome measurements,
and that adjust for the same set of confounders. The committee also notes that the
numbers of studies in particular categories, such as those grouped by study design,
are inconsistently stated throughout the monograph; these inconsistencies should
be corrected.

Finally, the committee agrees with NTP’s decision to base its conclusions
primarily on studies that have a lower risk of bias given the previous discussion
regarding NTP’s risk-of-bias evaluations. However, its focus on the lower risk-
of-bias studies of childhood neurodevelopment outcomes and what seem to be the
highly consistent findings across all these studies might give the impression that
NTP has artificially increased the confidence in its conclusion regarding this out-
come. Stratifying the higher risk-of-bias studies (NTP 2019, Figure A3-1) vs
lower risk-of-bias studies (NTP 2019, Figure A3-3) into separate figures might be
one source of that concern. NTP should consider creating one figure that includes
the risk-of-bias ratings for all the studies with a stratification that separates the
categorized higher risk-of-bias vs lower risk-of-bias studies. That approach would
represent better how it considered the body of literature by assessing all studies
but focusing its conclusions on the lower risk-of-bias studies.

Rationale for Not Performing a Meta-Analysis

The committee strongly recommends that NTP reconsider its decision not
to perform a meta-analysis and, if it still decides not to do a meta-analysis, that it
provide a more thorough and convincing justification for its decision. In the mon-
ograph, NTP states that a meta-analysis was not performed because of “heteroge-
neity in dose among the available human evidence, and because a hazard conclu-
sion could be reached without conducting a meta-analysis” (NTP 2019, p. 13). A
properly conducted meta-analysis can account for heterogeneity in exposure
measurements and other aspects of study design, so it is not clear why heteroge-
neity was listed as a reason for not performing one. It would be difficult to perform
one meta-analysis that includes both relative risk estimates and mean differences
(or standardized mean differences), but these could be separated out into two
meta-analyses. Potentially, meta-analyses of studies deemed sufficiently similar
in their exposure and outcome metrics could also be performed and could address
NTP’s concern about heterogeneity. However, because NTP did not present the
studies in a way that would suggest such groupings, the committee is unclear how
feasible such analyses would be. The committee also recommends that NTP ex-
plain why it did not update the Choi et al. (2012) meta-analysis. NTP uses the
funnel plot in Choi et al. (2012) as evidence of minimal publication bias in its
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systematic review. However, Choi et al. (2012) considered only a subset of the
studies included in the systematic review, so NTP’s claim of minimal publication
bias would be strengthened by adding recent papers to the meta-analysis and con-
structing a new funnel plot.

Communication Regarding Lower Exposures

The discussion section of the monograph provides an informal assessment
of the evidence with regard to exposure range and declares that the positive results
are based largely on exposures greater than those used for fluoridation. The basis
of that inference is not apparent, and it seems to contradict the earlier assertion
that nearly all the studies are positive, including ones that assessed lower expo-
sures. More important, as discussed in Chapter 2, this discussion gives a false
impression that NTP conducted a formal dose-response assessment. NTP should
make it clear that the monograph cannot be used to assess what concentrations of
fluoride are safe.

NTP CONCLUSION

The monograph “concludes that fluoride is presumed to be a cognitive neu-
rodevelopmental hazard to humans. This conclusion is based on a consistent pat-
tern of findings in human studies across several different populations showing
that higher fluoride exposure is associated with decreased IQ or other cognitive
impairments in children” (NTP 2019, p. 59). The committee was tasked with as-
sessing whether NTP satisfactorily supports its conclusion. In light of the issues
raised by the committee regarding the analysis of various aspects of some studies
and the analysis, summary, and presentation of the data in the monograph, the
committee finds that NTP has not adequately supported its conclusion. The com-
mittee’s finding does not mean that the conclusion is incorrect; rather, further
analysis or reanalysis as suggested in the present report is needed to support the
conclusion in the monograph.
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